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Description
Technical Field

[0001] The present invention relates to a technology for supporting capturing of an image when a tomographic image
used for ophthalmic care is captured.

Background Art

[0002] Ophthalmic tomography imaging apparatuses, such as an optical coherence tomography (OCT), can generate
a three-dimensional image from retina layers. Such an image is generated by emitting a signal light beam to the retina,
generating an interference light beam from a light beam reflected or scattered by each of the layers or boundary surfaces
of the retina and a reference light beam, and forming an image using the interference light beam. By using this technology,
the interior of the retina layers can be observed and, therefore, a disease can be correctly diagnosed. Accordingly,
ophthalmic tomography imaging apparatuses have received a significant amount of attention in recent years.

[0003] It is important to correctly identify the layer structure of the retina in order to obtain an objective index for
measuring the stage of disease progression (e.g., glaucoma progression). Examples of the index indicating glaucoma
progression include a C/D ratio, which is a distance ratio between the edge of a depressed part of the optic papilla
(referred to as a "cup") and the edge of the optic papilla (referred to as a "disc"), the area, depth, and volume of the cup,
and the thickness of the optic nerve fiber layer located between the inner limiting membrane and the external limiting
membrane.

[0004] Fig. 14is aschematicillustration of tomographicimages of the optic papilla. As shown in Fig. 14, two-dimensional
tomographic images (B-Scan images) T, to T, of the optic papilla are obtained by capturing the images of the retina in
the depth direction of the retina. Each of the two-dimensional tomographic images includes a plurality of scan lines that
scan the retina in the depth direction (hereinafter referred to as "A-scan lines"). A Z-axis represents the direction of the
A-scan. By sequentially performing raster-scanning in a predetermined area of a plane on the retina (an x-y plane), the
three-dimensional data including T4 to T, can be obtained. Since the layers of the retina have different reflectivities, an
inner limiting membrane 1401, a pigment layer of the retina 1402, and an optic papilla 1403, for example, can be identified
by analyzing the image.

Citation List

Patent Literature

[0005] PTL 1: Japanese Patent Laid-Open No. 2008-246158
Summary of Invention

Technical Problem

[0006] The shape of the optic papilla differs from person to person. In one case of a patient, as shown in Fig. 14, the
optic papilla may be depressed at an angle with respect to the surface of the retina. In such a case, if, as in existing
OCTs, a signal light beam is emitted in a direction perpendicular to the surface of the retina, the signal light beam is
blocked by the entrance portion of the depressed part and, therefore, a sufficient amount of the light signal does not
travel inside the depressed part. Even when the light signal travels inside the depressed part, a returning light beam of
the reflected or scattered signal light beam attenuates and, therefore, an area where the intensity of the signal is signif-
icantly reduced (e.g., an area 1404) appears. In addition, even when the optic papilla is not at an angle, an area which
the signal does not reach appears if the signal light beam is emitted at an angle different from the direction of the
depressed part.

[0007] In addition, even when the signal light beam is perpendicularly emitted, the light beam is attenuated due to red
blood cells if an image artifact caused by veins or bleeding appears. Thus, the intensity of a light beam reflected by a
tissue under the blood vessels is significantly reduced.

[0008] If, as described above, the signal cannot be received, the layer structure cannot be identified. As a result,
information required for diagnosis cannot be acquired.

[0009] PTL 1 describes atechnology for capturing an image while changing the irradiation position through preliminary
image capturing. However, since, in this technology, the image of an area in which the intensity of a signal light beam
is low, as an area of a cataract, is not captured, the technology cannot be applied when the image of a target tissue is
captured.
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Solution to Problem

[0010] Tosolve the above-described problem, the presentinvention is characterized by including determination means
for determining an irradiation angle of a signal light beam emitted to an object to be imaged in accordance with at least
part of a shape of the object to be imaged so that a returning light beam of the signal light beam has a predetermined
intensity and instruction means for sending an instruction to capture a tomographic image of the object to be imaged on
the basis of the returning light beam of the signal light beam emitted to the object to be imaged at the determined
irradiation angle.

Advantageous Effects of Invention

[0011] In such a configuration, a signal light beam is emitted at an angle at which the object to be imaged has a
predetermined signal intensity in accordance with at least part of the shape of the object to be imaged and a tomographic
image is captured. Accordingly, a tomographic image by which the layer structure of the object is correctly identified can
be acquired.

Brief Description of Drawings
[0012]

[Fig. 1] Fig. 1 illustrates the configuration of an OCT imaging system according to a first embodiment.

[Fig. 2] Fig. 2illustrates a positional relationship between the pupil and a signal light beam and a relationship between
the pupil and the irradiation angle of the signal light beam.

[Fig. 3] Fig. 3 is a functional block diagram of the OCT imaging system according to the first embodiment.

[Fig. 4] Fig. 4 is aflowchartillustrating the procedure of processing performed by an information processing apparatus
102 according to the first embodiment.

[Fig. 5] Fig. 5 illustrates extraction of the shape of the surface of the optic papilla.

[Fig. 6] Fig. 6 is a flowchart of processing performed in step S406.

[Fig. 7] Fig. 7 is a gradient map regarding the optic papilla obtained by using pre-irradiation angle 6.

[Fig. 8] Fig. 8 is a gradient map in which the luminance distribution is made isotropic by controlling the irradiation angle.
[Fig. 9] Fig. 9 is a functional block diagram of an OCT imaging apparatus according to a second embodiment.
[Fig. 10] Fig. 10 is a flowchart illustrating the procedure of processing performed by an information processing
apparatus 102 according to the second embodiment.

[Fig. 11] Fig. 11 is a functional block diagram of an OCT imaging apparatus according to a third embodiment.
[Fig. 12] Fig. 12 is a flowchart illustrating the procedure of processing performed by an information processing
apparatus 102 according to the third embodiment.

[Fig. 13] Fig. 13 illustrates a direction in which a signal light beam is emitted for each of partial areas of a target tissue.
[Fig. 14] Fig. 14 is a schematic illustration of tomographic images indicating a case in which the optic papilla is
diagonally depressed.

Description of Embodiments

[0013] According to anembodiment ofthe presentinvention, a scheme for capturing a tomographicimage by controlling
an irradiation angle of a signal light beam relative to the layer or boundary surface of the retina in order to capture an
image suitable for diagnosis of the retina or image measurement is described. As an application, an example in which
a tomographic image of a depressed part of the optic papilla is captured is described.

First Embodiment

[0014] According to a first embodiment, a three-dimensional tomographic image of the optic papilla is captured first
using an OCT imaging method. Thereafter, the depressed part of the optic papilla is analyzed using the captured
tomographic image. The irradiation angle of the signal light beam is determined so that the intensity of a returning or
scattered light beam of the signal light beam at each analysis point of the depressed part is equal to a predetermined
value. Subsequently, an image is further captured on the basis of the determined irradiation angle. Thus, an image
indicating the shape of the depressed part of the optic papilla can be acquired.

[0015] Fig. 1 illustrates the configuration of an OCT imaging system according to the present embodiment. Fig. 2(a)
illustrates a positional relationship between the pupil and the signal light beam. Figs. 2(b) and 2(c) illustrate a relationship
between the position of the signal light beam on the pupil and the irradiation angle of the signal light beam at a prede-
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termined position. Fig. 3 is a functional block diagram of the OCT imaging system. Fig. 5 illustrates extraction of the
shape of the surface of the optic papilla. Fig. 6 is a flowchart of processing performed by an information processing
apparatus 102. Fig. 7 is a gradient map regarding the optic papilla obtained by using a pre-irradiation angle BOpre- Fig. 8
is a gradient map in which the luminance distribution is made isotropic by controlling the irradiation angle.

[0016] The configuration of the OCT imaging system is described next with reference to Fig. 1. In the OCT imaging
system, an image capturing unit 101 receives an instruction to capture an image from the information processing appa-
ratus 102. Thereafter, the OCT imaging system generates an interference light beam using a returning light beam of a
signal light beam generated when the signal light beam emitted to an object to be imaged is reflected or scattered and
a reference light beam and, subsequently, generates a tomographic image. As used herein, the term "returning light
beam of the signal light beam" refers to a light beam generated when the signal light beam emitted to an object to be
imaged is reflected or scattered by a predetermined layer or boundary surface and, subsequently, detected by the image
capturing unit 101 in the form of a signal. The information processing apparatus 102 acquires the captured tomographic
image, performs predetermined processing on the tomographic image, and displays the image on a display unit 103.
[0017] The configuration of the image capturing unit 101 is described next. The image capturing unit 101 serves as
an optical coherence tomographic imaging apparatus using an optical interferometry imaging method. An image forming
unit 104 uses instruction information received from the information processing apparatus 102 as an imaging parameter
and controls a galvano mirror drive mechanism 105. Thus, the image forming unit 104 drives a galvano mirror 106.
Thereafter, the image forming unit 104 splits, using a half mirror 108, a light beam emitted from a low-coherence source
107 into a signal light beam traveling towards an eye to be examined 110 via an objective lens 109 and a reference light
beam traveling towards a reference mirror 111 fixedly disposed. Subsequently, the image forming unit 104 causes a
returning light beam of the signal light beam reflected or scattered by the eye to be examined 110 to overlap with a
returning light beam of the reference light beam reflected by the reference mirror 111 so as to generate an interference
light beam. Note that in place of the half mirror 108, an optical coupler that functions as a splitter that splits a light beam
and a coupler that causes light beams to overlap with each other may be employed. The interference light beam is
separated into wavelength components of wavelengths A1 to An using a diffraction grating 112. The wavelength com-
ponents can be detected by a one-dimensional optical sensor array 113. Light sensors of the one-dimensional optical
sensor array 113 outputs detection signals each corresponding to the intensity of a detected wavelength component to
an image reconstruction unit 114. The image reconstruction unit 114 computes a wavelength - light intensity relationship
for the interference light beam, that is, a light intensity distribution (a wavelength spectrum), using the detection signals
for the wavelength components of the interference light beam output from the one-dimensional optical sensor array 113.
The image reconstruction unit 114 performs Fourier transform on the computed wavelength spectrum of the interference
light beam and reconstructs a tomographic image of the retina.

[0018] In addition, the image capturing unit 101 can change the incident angle of the signal light beam emitted to a
tissue to be imaged. This operation is described in more detail below. A position control unit 115 uses the instruction
information received from the information processing apparatus 102 as an imaging parameter and controls an image
capturing unit drive mechanism 116. Thus, the position control unit 115 drives the image forming unit 104. More specif-
ically, the instruction information indicates the incident position of the signal light beam made incident on the pupil of the
eye to be examined in an x-y plane. The image capturing unit drive mechanism 116 translates the image forming unit
104 with respect to the eye to be examined 110 so that the signal light beam enters the incident position. Alternatively,
the image capturing unit 101 itself may be translated. By controlling the position of the signal light beam made incident
on the pupil relative to the center of the pupil in this manner, the irradiation angle of the signal light beam on the target
tissue in the retina can be changed.

[0019] The configuration of the information processing apparatus 102 is described next. The information processing
apparatus 102 sends information indicating a first irradiation angle to the image capturing unit 101 and instructs the
image capturing unit 101 to capture an image. In addition, the information processing apparatus 102 sends, to the image
capturing unit 101, information indicating a second irradiation angle obtained on the basis of a captured tomographic
image and instructs the image capturing unit 101 to capture an image. The information processing apparatus 102 includes
a CPU 118, a RAM 119, and a ROM 120, which are connected to one another via a bus 117. In addition, a mouse 121
serving as an input unitand an HDD 122 serving as a storage unit are connected to the information processing apparatus
102 via the bus 117. The ROM 120 stores a computer program that realizes processing shown in Fig. 7 described below.
The program is loaded into the RAM 119 and is executed by the CPU 118. Thus, the program and each component of
the information processing apparatus 102 cooperate with one another. As a result, the functions illustrated in Fig. 3 are
realized. In addition, by performing the functions at the same time, the processing illustrated in Figs. 4 and 7 is realized.
[0020] The irradiation angle of an irradiation light beam emitted from the image capturing unit 101 to the retina is
described next with reference to Fig. 2. Fig. 2(a) is a schematic illustration of a positional relationship between the center
of the pupil and the signal light beam made incident on the pupil. In Fig. 2(a), E4 denotes the pupil, Py denotes the center
of the pupil, and IR, denotes the center of an infrared image. The image of the pupil can be captured using, for example,
an infrared camera. The image capturing unit 101 is pre-adjusted so that an incident position P_ of the signal light beam
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emitted to the retina of the eye to be examined is aligned with the center of the pupil image. Itis desirable that the incident
position of the signal light beam be aligned with the center of the pupil. However, as in Fig. 2(a), the irradiation position
of the signal light beam may differ from the center of the pupil without precise positioning. In an infrared image, the
contrast between the pupil area and the peripheral area increases. Accordingly, by detecting the image gradient, the
contour of the pupil E4 can be detected. The contour of the pupil E; can be approximated to a circle. Accordingly, the
center of the approximated circle is denoted as the center of pupil PO, and the radius of the approximated circle is denoted
as the radius of the pupil r. Thereafter, computation is performed. When the point P, represents an origin, the x-y
coordinates of the point P_is denoted as (X, Y|).

[0021] Fig. 2(b) illustrates a relationship between the signal light beam made incident on the pupil and the irradiation
angle on the target tissue (the optic papilla). In Fig. 2(b), E4 denotes the pupil, E, denotes the cornea, E; denotes the
eye ball, E, denotes the crystalline lens, MC denotes the macula, DC denotes the optic papilla, P, denotes the center
of the pupil, Do denotes an irradiation direction of the signal light beam that passes through the center of the pupil P,
and is emitted to the optic papilla DC, and 6|, denotes the limiting angle of the signal light beam. Hereinafter, Do
denotes a "reference irradiation direction". Among signal light beams made incident on the pupil E4, a signal light beam
that is parallel to Do is refracted by E, due to the lens function of E, and is focused on DC. Accordingly, if the irradiation
position of the signal light beam on the pupil is changed with the incident angle on the pupil remaining unchanged, the
signal light beam is irradiated onto DC at an angle that varies in accordance with the irradiation position. At that time,
the limiting angle 6, of the signal light beam that can be physically changed with respect to the reference Do is an
angle obtained when the signal light beam passes through the end of the pupil. In addition, the eye ball is an ellipsoidal
body that is similar to a spherical body. Accordingly, when the eye ball is approximated by a spherical body, the cross
section of Ej is circular and, therefore, the limiting angle 6|, represents the angle at the circumference for the radius
of the pupil. Consequently, according to the circumferential angle theorem, the value of 8 ), is constant if the focal point
of the signal light beam is set to any point on the retina. The same applies to the case when the focal point is set to MC.
In such a case, since the line extending between P, and MC perpendicularly intersects with the pupil E4, the 6,y can
be obtained as follows:

[0022]

[Math. 1]

r

eLIM = tan(Tj = (1)

where 1 denotes the length of a line extending between Py and MC. The length 1 may be measured by an axial length
examination in advance or may be set to a widely used average value. More specifically, when the radius of the pupil r
is 3 to 4 mm and the length of a line extending between Do and MC is 18.5 mm, 6|, is about 7.7° to about 10.7°.
[0023] In addition, in Fig. 2(c), E4, DC, Py, Do, and 6, are the same as those in Fig. 2(a). In addition, L denotes the
central line of the signal light beam. P| denotes the position at which the signal light beam L is made incident on E;. Dy
denotes a direction in which the signal light beam that passes through the point P and that is made incident on DC
travels. P, denotes a reference point on the contour of E,. Furthermore, 8, denotes an angle formed by the line PyP,
and the line PoP_on E4, and 6, denotes an angle formed by the line Py-P (the direction Dy) and the line Py-P_ (the
direction Dg). At that time, the values of 8, and 6, are determined by the position of the point P_. Thus, when the
coordinates of the point P is (x,, andy, ), the values of 8, and 6, are obtained by using the following equations (2) and (3):
[0024]

[Math. 2]

XL2 +YL2 VXL2 +YL2
[ 2
XL +YL (3)

-1
0, =cos

0, = tan™'
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As in equation (1), in equation (3), 8, is computed using an angle (an angle formed by the line P,-MC and the line P, -MC)
when the focal point of the signal light beam is set to MC. The irradiation angle including these angle components (6,
0,) is defined as "8".

[0025] In addition, by changing the incident position of the signal light beam on the pupil while keeping the incident
direction on the pupil unchanged, the incident angle of the signal light beam on the retina can be changed while keeping
the area of the retina which is irradiated with the signal light beam unchanged. Even when the image of a correct shape
cannot be obtained when the signal light beam is emitted at the first angle, the image of the correct shape can be obtained
by changing the incident angle to the second angle.

[0026] The function obtained from a combination of the software (the computer program) and the hardware of the
information processing apparatus 102 is described next with reference to Fig. 3.

[0027] An image-capturing instruction unit 301 sends, to the image capturing unit 101, an instruction to capture the
image of the retina at a predetermined irradiation angle. At that time, the sent information includes an image capturing
condition, such as the irradiation angle. When the instruction to capture an image is received, the image capturing
operation is started. First, the image-capturing instruction unit 301 performs a determination process of an irradiation
angle, which is described in more detail below.

[0028] The tomographic image acquiring unit 302 acquires a tomographic image captured by the image capturing unit
101 using the imaging condition specified by the image-capturing instruction unit 301.

[0029] A shape analyzing unit 303 analyzes the layer structure of a tomographic image acquired by the tomographic
image acquiring unit 302 and identifies the shape of the depressed part. The analysis of the layer structure is performed
on the basis of the edges obtained from the luminance information on the tomographic image. A portion whose shape
cannot be identified is estimated through an interpolation process. This processing is described in more detail below
with reference to Fig. 5.

[0030] A re-image capturing determination unit 304 determines whether re-image capturing is necessary on the basis
of the presence of a partial area of a depressed part that cannot be identified due to an insufficient amount of the returning
light beam of the signal light beam reflected and scattered or the size of the partial area. The determination is made by
separating the depressed part into small areas, obtaining the intensity of the returning light beam for each of the small
areas, and detecting the small area having a signal intensity lower than a predetermined threshold value. If a detected
areais found orifthe area is larger than a predetermined value, the re-image capturing determination unit 304 determines
that re-image capturing is necessary. This processing is described in more detail below with reference to Fig. 5.
[0031] If the re-image capturing determination unit 304 determines that re-image capturing is necessary, a re-image
capturing angle determination unit 305 determines an irradiation angle at which the returning light beam emitted to the
depressed part has a predetermined intensity on the basis of the shape of the depressed part, which is an object to be
imaged. As used herein, the term "predetermined intensity" refers to the intensity of the returning light beam with which
a shape analyzing unit 303 or a user can correctly identify the shape of the depressed part, that is, the intensity that
minimizes the size of the area of the depressed part in which the intensity of the returning light beam of the signal light
beam is lower than or equal to a reference value. The reference value is determined by using a shape analyzing algorithm
used in the shape analyzing unit 303 or an algorithm selected by the user. The image-capturing instruction unit 301
instructs re-image capturing on the basis of the determined irradiation angle.

[0032] Thedisplay unit103 displays are-captured tomographicimage. A storage unit 306 stores the re-image capturing
information sent to the image capturing unit 101 and the captured tomographic images.

[0033] By employing such a structure, an irradiation angle that causes the intensity of a light beam emitted to the
object to be imaged to be lower than or equal to a predetermined value can be determined in accordance with the result
of shape analysis. Thereafter, an instruction to capture an image using the determined irradiation angle is sent. Accord-
ingly, an area of the object to be imaged that does not appear in the captured image can be reduced. In addition, the
shape of the depressed part, which is the object to be imaged, is analyzed using the tomographic image captured first,
and it is determined whether re-image capturing is necessary or not on the basis of the result of the analysis. Thus, the
number of unnecessary image capturing operations can be reduced.

[0034] The procedure of processing realized by each of the functions of the information processing apparatus 102
illustrated in Fig. 2 is described next with reference to Fig. 4.

<Step S401>

[0035] In step S401, the image-capturing instruction unit 301 generates instruction information used for controlling a
two-dimensional measurement area and a measurement depth for the eye fundus of the eye to be examined (hereinafter
referred to as "instruction information 1"). For example, the instruction information 1 is given through user selection using
the mouse 121. Alternatively, the information stored in the storage unit 306 may be used. In addition, the image-capturing
instruction unit 301 generates instruction information used for controlling the irradiation position of the signal light beam
on the pupil of the eye to be examined (hereinafter referred to as "instruction information 2"). The instruction information
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2 represents an irradiation angle 6, which is an irradiation angle of the signal light beam on the retina of the eye to be
examined. The image-capturing instruction unit 301 sends the instruction information 1 and the instruction information
2'to the image capturing unit 101. Note that 8, is not limited to any particular value. The irradiation angle 6, may have
a predetermined value for the apparatus or a value that can be fine-tuned by an instruction from the user. That is, any
Bore that allows the signal light beam to reach the retina in the eye fundus can be used.

<Step S402>

[0036] In step S402, upon receiving the instruction information 1 and 2, the image capturing unit 101 captures a
tomographic image using the instruction information 1 and 2 received from the image-capturing instruction unit 301 as
the imaging condition. The image capturing unit 101 instructs the position control unit 115 and the image capturing unit
drive mechanism 116 to move the image forming unit 104 so that the signal light beam is made incident on the pupil at
a position in accordance with the first irradiation angle Bpre- IMage data | of the captured tomographic image and the
value of the pre-irradiation angle 6, are stored in the storage unit 306.

[0037] Note that the instruction information 1 and 2 do not necessarily serve as a condition to start an image capturing
operation. In such a case, the image-capturing instruction unit 301 may send the instruction information 1 and 2 to the
image capturing unit 101 as the imaging condition and may send information indicating that image capturing is ready to
the user. In this case, the user can start image capturing at a desired point in time.

<Step S403>

[0038] In step S403, the shape analyzing unit 303 acquires the image data | of the tomographic image stored in the
storage unit 306 and extracts information on at least part of the surface shape of the optic papilla from the image data
I. Here, the information on at least part of the surface is extracted, since the entirety of the shape need not be identified,
but only identifying the correct shape or the structure is required in the processing according to the present embodiment.
An image of the optic papilla is extracted in the form of the area of the boundary surface of the retina in which a pigment
layer is not present (i.e., an inner limiting membrane).

[0039] The procedure of analyzing the surface shape of the optic papilla and the area in the vicinity of the surface in
a tomographic image performed by the shape analyzing unit 303 is described next with reference to Fig. 5. As shown
inFig. 5, B-Scanimages T, to T,, are acquired. In the B-Scan images T, to T,, an inner limiting membrane 501, a pigment
layer of the retina 502, an optic papilla area 503, and an area 504 in which the intensity of the image signal is significantly
low are shown. As a particular process of extracting the surface shape of the optic papilla, the shape of the inner limiting
membrane 501, which is one of the boundary surfaces of a retina layer, is extracted first.

[0040] As shown in Fig. 5, the inner limiting membrane 501 is an upper boundary between the retina layer area (a
white area in the drawing) and a background area (a gray area in the drawing). Since the inner limiting membrane 501
has a large luminance contrast difference, the inner limiting membrane 501 can be detected using the luminance contrast
difference. For example, scanning is performed from a point having a z coordinate of zero for each A-scan line in the z-
axis direction, and the scanning is stopped at a point at which the gradient of the luminance value of the image becomes
higher or equal to a predetermined threshold value Thy. In this way, a point of the inner limiting membrane 501 can be
detected. When an A-scan line number is denoted as:

[0041]

[Math. 3]
i(1<i<M,

where M denotes the number of A-scan lines),

a point of the inner limiting membrane 501 corresponding to a line i is denoted as: p;. At that time, the area 504 in which
the intensity of the image signal is low has discontinuity of the retina layer area in the z-axis direction, and the z-axis
coordinate between two neighboring points of the inner limiting membrane 501 significantly changes. In such a case,
interpolation is performed between the two neighboring points using a line. In this example, linear interpolation is applied.
In this way, interpolation can be performed on the area 504 using a straight line that is substantially parallel to the z-axis.
[0042] Subsequently, the shape of the pigment layer of the retina 502 is extracted. Since the pigment layer of the
retina 502 is rendered in the retina layer area with particularly high luminance, the pigment layer of the retina 502 can
be detected using the contrast in the retina layer. For example, for each A-scan line i, scanning is performed from a
point P; in the z-axis direction, and the scanning is stopped at a point at which the gradient of the luminance value of
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the image becomes higher or equal to a predetermined threshold value Th, first. In this way, a point of the pigment layer
of the retina 502 can be detected. Such a point is denoted as g;. At that time, since the pigment layer of the retina 502
is not present in the optic papilla area 503, the coordinates of the point q; are set to a value F, which indicates "absence",
if the point g; cannot be detected. Accordingly, the optic papilla area 503 can be detected as an area indicated by the x
coordinate of the point g; having a value of F. Thereafter, the set of the points P, included in the detected optic papilla
area 503 is obtained for each of T, to T,,. The sets are used as surface shape data S of the optic papilla.

<Step S404>

[0043] Instep S404,there-image capturing determination unit 304 determines whether re-image capturing is performed
or not on the basis of the image data | and the surface shape data S acquired from the shape analyzing unit 303. This
determination is made using the size of the area in which the intensity of a signal emitted to the depressed part or whether
the area is present or not.

[0044] In Fig. 5, a retina layer area 505 in the vicinity of the inner limiting membrane 501 is shown. The retina layer
area 505 is defined as an area included in a range within a predetermined distance d from every point of the surface
shape data S (note that a background area above the inner limiting membrane 501 is not included). According to the
present embodiment, the distance d is defined as a value obtained by dividing the average of the distances between
the inner limiting membrane 501 and the pigment layer of the retina 502 for each of the A-scan lines by a constant value
c (e.g., c=5).

[0045] Subsequently, the area 505 is separated into a plurality of local areas. In this example, the number of the local
areas is k. The volume of the area 505 is evenly separated into areas R, to Ri. Thereafter, a luminance evaluation value
v, is computed for each of the local areas

[Math. 4]
R,(1<i<k)
using the following equation (4):
[0046]
[Math. 5]
1 m
\z ;me = (4)

=1

—

where m represents the number of pixels included in R;, and b(j) represents the luminance of a jth pixel included in R;
[0047]

[Math. 6]

(1<j<m)

In equation (4), the evaluation value v, represents the average of the pixel values of pixels included in the local area R;.
However, the evaluation value may be an S/N ratio computed using the following equation (5):
[0048]

[Math. 7]

b
. =20lo MAX (5
Vi glo{RMSI} )
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where bl represents the highest luminance value in R;, and RMSi represents the RMS (Root Mean Square) computed
in R;. Furthermore, the luminance evaluation value V for the entirety of the area 505 is computed by using the following
equation (6):

[0049]

[Math. 8]
V=minjvj - (6)

[0050] In this way, by defining the lowest value of the luminance evaluation values v; computed for the local areas as
the luminance evaluation value V for the entirety of the area 505, the evaluation value for the entirety of the area 505
can be obtained by taking into account the presence of an area in which the intensity of the image signal is locally low.
Thereafter, the image data | and the luminance evaluation value V obtained through the analysis are sent to the re-
image capturing determination unit 304.

[0051] It should be noted that the determination method is not limited thereto. For example, the evaluation may be
made using the size of an area in which the shape of the depressed part cannot be identified through the analysis
performed by the shape analyzing unit 303. In the above-described example, the luminance value of the depressed part
is used. However, re-image capturing is not needed so long as the shape of the depressed part is identified.
Accordingly, the number of unnecessary image capturing operations can be reduced. Similarly, the evaluation may be
made using the size of an area to which linear interpolation is applied with respect to the shape of the depressed part
or the size of an area having a shape that can be estimated through the analysis but that has a low reliability.

<Step S405>

[0052] In step S405, the re-image capturing determination unit 304 compares the luminance evaluation value V with
a predetermined threshold value V1 and determines whether the tomographic image is displayed or not. If V < V¢,
the re-image capturing determination unit 304 sends, to the re-image capturing angle determination unit 305, an instruction
to use an irradiation angle of the signal light beam at a predetermined position of the tissue to be imaged (hereinafter
referred to as "instruction information 2"). Thereafter, the processing proceeds to step S406. However, if V >= V1, the
re-image capturing determination unit 304 sends, to the display unit 103, the image data | and an instruction to permit
displaying of the image data | (hereinafter referred to as "instruction information 1"). Thereafter, the processing proceeds
to step S407. Note that the size of an area in which the intensity of the image signal is low may be used as the evaluation
value. In such a case, determination of whether re-image capturing is performed is made by changing the threshold
value for the size. Thus, the balance between the period of time required for re-image capturing and the correctness of
the image information that can be obtained through the re-image capturing can be determined.

<Step S406>

[0053] In step S406, upon receiving the instruction information 2 from the re-image capturing determination unit 304,
the re-image capturing angle determination unit 305 acquires, from the storage unit 306, the pre-irradiation angle Opre
used when the tomographic image is captured in step S402. Thereafter, the re-image capturing angle determination unit
305 acquires a second irradiation angle 68),5x at which the intensity of the returning light beam of the signal light beam
is equal to a desired intensity in the depressed part, which is an object to be imaged, in accordance with the pre-irradiation
angle 6, (the first irradiation angle) and the image data | and the surface shape data S acquired from the shape
analyzing unit 303. Subsequently, an incident position P : (x|, y,) of the signal light beam in the pupil of the eye to be
examined is computed using the acquired irradiation angle 8),5x. The re-image capturing angle determination unit 305
then sends the incident position P, to the image capturing unit 101 as instruction information 3. In this example, an
irradiation angle at which the surface area of the optic papilla to which the signal light beam is not emitted (or the surface
area having a significantly low intensity of a reflected light beam obtained from the eye to be examined after the light
beam is emitted) is minimized is denoted as 6),5x. This processing is described in more detail below with reference to
a flowchart shown in Fig. 7.

<Step S407>

[0054] In step S407, the re-image capturing angle determination unit 305 converts the irradiation angle 8,,,x obtained
in step S910 into an imaging parameter. More specifically, the reverse of the process in which the point P, (x;, y;) on



10

15

20

25

30

35

40

45

50

55

EP 2 494 916 A1

the retina at which the signal light beam is made incident is converted into an irradiation angle 6: (64, 6,) as illustrated
in step S402 is performed. That is, an angle 6 is converted into the point P _. This conversion is performed using the
following equations (7) and (8):

[0055]

[Math. 9]

x; =(ltan®,)cosB, - (7)
y, =(tan0,)sin @, - (8)

where, as in step S402, r represents the radius of a pupil, and 1 represents a line Po-MC. The image-capturing instruction
unit 301 sends the coordinates of the point P| computed in the above-described manner to the image capturing unit 101
as the instruction information 2.

<Step S408>

[0056] In step S408, the image capturing unit 101 captures a tomographic image using the instruction information 2
acquired from the re-image capturing angle determination unit 305 as an imaging parameter and acquires the image
data | of the tomographic image. At that time, an imaging method that is the same as that used in step S402 is employed.
In order to change the irradiation angle of the signal light beam on the target tissue from the first irradiation angle 6pre
to the second irradiation angle 6y5x, the image forming unit 104 is moved using the position control unit 115 and the
image capturing unit drive mechanism 116. However, a method for changing the irradiation angle is not limited thereto.
For example, the position of a fixation lamp that is presented to the eye to be examined may be changed. Thereafter,
the incident position of the signal light beam on the pupil may be changed by rotating the eye to be examined while the
eye fixates that position. In such a case, the configuration of the apparatus can be advantageously simplified. Subse-
quently, the image capturing unit 101 sends the image data | of the tomographic image and the instruction information
1 to permit displaying of the image data | to the display unit 103.

<Step S409>

[0057] In step S409, upon receiving the instruction information 1 from the re-image capturing determination unit 304
or the image capturing unit 101, the display unit 103 displays the image data | acquired in a similar manner.

[0058] According to the above-described configuration, the shape of the depressed part of the optic papilla is analyzed
from the three-dimensional tomographic image of the optic papilla captured using the first irradiation angle 6pgrg. There-
after, the second irradiation angle 6y 5x at which an area in which the intensity of the signal light beam emitted to the
depressed part is lower than or equal to a reference value is minimized is determined using the result of the analysis,
and a tomographic image is captured again. In this way, a tomographic image in which the depressed part is sufficiently
rendered can be obtained. In addition, since an optimal irradiation angle can be automatically acquired, the photographer
need not manually control the irradiation angle and, therefore, the time required for controlling the irradiation angle can
be reduced. Furthermore, a photographer-to-photographer variation in control of the irradiation angle can be eliminated.
[0059] The process performed by the re-image capturing angle determination unit 305 acquiring the irradiation angle
Ouax in step S406 is described in more detail next with reference to a flowchart in Fig. 6. In this process, the irradiation
angle is changed using simulation, and the intensity of the signal light beam at each point of the depressed part is
obtained for each of the irradiation angles. Thus, an angle at which an area in which the intensity is lower than a
predetermined threshold value is minimized is obtained as 6),5x. The intensity of the signal light beam at each point of
the depressed part is obtained by computing an angle formed by the signal light beam and the gradient regarding the
shape at each point of the depressed part.

<Step S601>

[0060] Instep S601, the re-image capturing angle determination unit 305 acquires the pre-irradiation angle 6prg from
the storage unit 306 and associates the reference irradiation direction Do with the image data | of the tomographic image.
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<Step S602>

[0061] In step S602, the re-image capturing angle determination unit 305 defines the number of changes in irradiation
angle as N and determines changed irradiation angles 81 to 8N using the reference irradiation direction Do as a reference.
Thereafter, the re-image capturing angle determination unit 305 stores these values in the storage unit 306. An angle
component (64, 6,) of 6 satisfies the following conditions:

[0062]

[Math. 10]
0°<6,<360°0°<6, <0,

Accordingly, the angle 8, ranging from 0° to 360° is divided into N4 equal angles, which are sequentially denoted as
047, ... 84, ..., 64N Similarly, the angle 6, ranging from 0° to 6|, is divided into N, equal angles, which are sequentially
denoted as 0, ... 05K, ..., 0,N2, where

[0063]

[Math. 11]
1<j<N,1<k<N,

In addition, the changed irradiation angles 6" to 8N are sequentially set a number of times equal to the number of
combination of (84], 8,K). Thus, the number of changes N = N;:N,.

<Step S603>

[0064] Instep S603, the re-image capturing angle determination unit 305 defines a process number used for changing
the irradiation angle as:
[0065]

[Math. 12]
(1<i<N)

Then, the re-image capturing angle determination unit 305 sets i to 1 and acquires the surface shape data S.
<Step S604>

[0066] In step S604, the re-image capturing angle determination unit 305 acquires an irradiation angle 61 from the
storage unit 306.

<Step S605>

[0067] In step S605, the re-image capturing angle determination unit 305 analyzes, using the irradiation angle 6/, the
gradient information of the surface shape data S acquired in a similar manner. Thus, the re-image capturing angle
determination unit 305 generates a gradient map GMg; of the surface shape data S. The gradient map indicates an angle
formed by the emitted signal light beam and the gradient of each of the points of the depressed part.

[0068] The reason why the gradient map is generated is described next. The surface area of the optic papilla is
rendered in a tomographic image with a higher luminance as the intensity of a light beam of the signal light beam that
is reflected by each of the local areas of the surface and passes through the pupil increases. In addition, the intensity
of the reflected light beam of each of the local areas increases as the signal light beam is emitted to the surface of the
local area at an angle closer to a right angle, since a difference between the irradiation angle of the light beam and the
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reflected light beam decreases. This relationship is described from another point of view with reference to Fig. 7.
[0069] InFig.7, Iedge represents the tangent line of a local area on the surface shape data S. BLep represents a plane
that is perpendicular to the irradiation direction of the signal light beam (Dep in this drawing). This plane is defined as a
projection reference plane of the signal light beam. In addition, h represents the height of the local area from the projection
reference plane. At that time, as the gradient of the tangent line 144 With respect to the projection reference plane BLg,
decreases, lgyq is closer to a direction perpendicular to the irradiation direction. Thus, the intensity of the light beam
reflected by the local area increases. In addition, the gradient of the tangent line ledge is the same as a change in the
height h of the local area with respect to the projection reference plane, that is, the shape gradient. As a result, as the
shape gradient of the local area with respect to the projection reference plane decreases, the intensity of the image
signal obtained when the area is imaged increases. For the above-described reason, according to the present embod-
iment, a gradient map including the gradient value of each of the local areas is generated, and the gradient map serves
as an index used for estimating how the entirety of the surface shape of the optic papilla is imaged when the signal light
beam is emitted to the optic papilla in a certain irradiation direction.

[0070] Anexample of amethod for generating the gradient map GM, is described next. The above-described projection
reference plane is separated into a plurality of local areas. In this example, the local areas are rectangular areas Aj
having the same dimensions. Thus, the projection reference plane is separated into areas A, to Ay

[0071]

[Math. 13]
(1<j<N,,

where NA denotes the number of separated areas)

Let BJ- denote an area on the surface shape data S corresponding to the area AJ- on the projection reference plane when
the surface shape data S is projected onto the projection reference plane, and h; denote the height of the area BJ- with
respect to the projection reference plane. Then, a map including h; as the luminance value of each of the areas AJ- is
generated. This map is referred to as a "shape map". Subsequently, a luminance gradient 9j of each of the luminance
values hj of the shape map is computed. According to the present embodiment, gj is computed using a Sobel filter.
Thereafter, a map including the computed gjas the luminance value of the area Aj is generated. This map is referred to
as a "gradient map". In this way, the angle of the gradient of each of the points of the depressed part with respect to the
signal light beam can be obtained.

[0072] Fig. 7 illustrates a gradient map of the optic papilla at the pre-irradiation angle Bpre (described in more detail
below). In Fig. 7, the direction Do and an irradiation direction Dep of the signal light beam emitted at the pre-irradiation
angle Bpre are shown. Since the image data | represents an image captured using the signal light beam at the irradiation
angle 6, Dy, is the same as the z-axis direction. Accordingly, the reference irradiation direction Do represents a
direction tilted at an angle of Bpre With respect to the z-axis in the image. In practice, the angle 6, has components (01,
0,) and is three-dimensional. However, for simplicity, the angle Bpre is expressed as an angle projected to a two-dimen-
sional plane in Fig. 7.

[0073] In Fig. 7, tomographic images T, to T,, and an optic papilla area 703 are shown. Furthermore, in particular, an
inner limiting membrane 704 of the optic papilla area 703 is shown. Note that the inner limiting membrane 704 corresponds
to the surface shape data S. Still furthermore, a shape map SMep of the inner limiting membrane 704 in which the height
h is expressed for each of the areas and a gradient map GMep of the inner limiting membrane 704 that includes the
differential values of the shape map SMy,, are shown. The gradient map GMg,, indicates the incident angle of the signal
light beam on each of the partial areas of the depressed part. Accordingly, the gradient map GMep indicates the intensity
of the signal light beam in each of the partial areas.

[0074] x and Yy’ represent the coordinate axes in SMep and GMep. In the shape map SMep, a change in luminance is
gentle from the center of the map in the negative x’ axis direction. However, a change in luminance is abrupt from the
center of the map in the positive x” axis direction. Accordingly, in the gradient map GMep, an area in which the luminance
is significantly high appears on the right side from the center of the map. This area corresponds to part of the inner
limiting membrane 704 having a shape gradient that is substantially parallel to the irradiation direction D,

[0075] By replacing the angles 6, BLg,, SMy,, and GMg, with 8', BLy;, SMg;, and GMg; in Fig. 7, respectively, the
gradient map GMg; corresponding to the irradiation angle 6' can be obtained.

<Step S606>

[0076] In step S606, the re-image capturing angle determination unit 305 computes a gradient evaluation value G; on
the basis of the generated gradient map GMg;. This evaluation value indicates the size of an area of the depressed part
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in which the signal intensity at each point is lower than or equal to a predetermined threshold value. The number of the
areas in which the average of the gradients obtained in step S605 is smaller than or equal to a predetermined threshold
value is defined as the gradient evaluation value G;. Alternatively, in the partial areas in which the inverse number of the
gradient is higher than or equal to a predetermined threshold value, the inverse numbers of all of the areas may be
summed. The sum may be used as the gradient evaluation value G;. In such a case, the predetermined threshold value
may be set in advance or may be specified by the user. Thus, the predetermined threshold value may be changed on
the basis of the shape analyzing algorithm or a user requirement.

[0077] According to the present embodiment, the following evaluation value is employed as one of the evaluation
values G; that minimizes the surface area of the optic papilla to which the signal light beam is not emitted. That is, let g
denote the gradient value of each of the above-described local areas on the gradient map GMg;, and gty denote a
constant gradient threshold value. Then, the evaluation values G; is computed using the following equations (9) and (10) :
[0078]

[Math. 14]
, 0 >
g - (82 8m) - )
8t —8; (0< g; < 8ru)
G, 1 - (10)

:T
lJrZ:gj
i=1

According to equation (10), as the number of the local areas having the gradient value lower than or equal to gty
decreases and a difference between the gradient value smaller than gty and gy decreases, G; increases. Under the
opposite condition, G; decreases.

[0079] Fig. 8 illustrates a gradient map obtained when the signal light beam is uniformly emitted to the optic papilla.
In Fig. 8, reference numerals T, to T, 803, 804, and Do are the same as those in Fig. 7. Dg; denotes an irradiation
direction of the signal light beam emitted at the irradiation angle 6;. BLy; denotes the projection reference plane corre-
sponding to the irradiation angle 6,. h denotes the height of an inner limiting membrane 804 with respect to the projection
reference plane BLy;,. SMg; denotes the shape map of the inner limiting membrane 804. GM; denotes the gradient map
of the inner limiting membrane 804. In Fig. 8, for the irradiation directions Dg;, the signal light beam is emitted in an
isotropic manner throughout the inner limiting membrane 804 when viewed from the middle of the inner limiting membrane
804. Accordingly, the gradient map GMy, indicates a luminance distribution with a small number of local areas having a
significantly small gradient value. Therefore, in this case, the evaluation value G; increases. In contrast, if the signal light
beam is emitted in a significantly limited range of direction, the number of local areas having a significantly small gradient
value increases. Thus, the evaluation value G; decreases.

<Step S607>

[0080] In step S607, if the highest evaluation value Gy, is not stored in the storage unit 306, the re-image capturing
angle determination unit 305 performs setting so that G\;ax = G; and stores Gy,5x in the storage unit 306. However, if
the highest evaluation value Gy,5x has already been stored in the storage unit 306, the re-image capturing angle deter-
mination unit 305 compares Gy ax With G;. If Gyax < G;, the re-image capturing angle determination unit 305 updates
Guax so that Gy ax = G; and stores Gy in the storage unit 306. In addition, the re-image capturing angle determination
unit 305 updates the irradiation angle 8),5x corresponding to Gy, ax 0 that 8,5 = 8; and stores 8,5 in the storage unit 306.
<Step S608>

[0081] In step S608, the re-image capturing angle determination unit 305 increments the process number i by one.

<Step S609>

[0082] In step S609, the re-image capturing angle determination unit 305 compares the process number i with the
number of changes N. Ifi > N, the processing proceeds to step S608. Otherwise, the processing proceeds to step S903.
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<Step S610>

[0083] In step S608, the re-image capturing angle determination unit 305 acquires the irradiation angle 8),5x from the
storage unit 306. At that time, the re-image capturing angle determination unit 305 performs setting so that 8;5x = {611,
Omo)- Thereafter, the processing returns to step S406, where a termination process is performed.

[0084] By finding the highest value of the gradient evaluation value G; through trial and error changing the irradiation
angle through the above-described processing, the optimal irradiation angle 6),5x can be obtained.

(Modification 1)

[0085] A modification of the gradient evaluation value G; is described next. In particular, this is suitable for a normal
depressed part having an uncurved depression. In particular, this gradient evaluation value is suitable for a normal
depressed part having an uncurved depression. The term "uncurved depression" refers to depression having the center
axis thereof that is substantially straight. In such a case, the irradiation angle that causes the signal light beam to be
parallel to the center axis of the depression serves as 6y5x. In addition, the property in which the signal intensity is
isotropic with respect to the center axis of the depression is used. Fig. 8 illustrates the case in which the signal light
beam is emitted to a depressed part without a complicated shape, such as curvature, at an appropriate irradiation angle.
In such a case, the intensity of the signal light beam emitted to the depressed part of the inner limiting membrane 704
is isotropic and, therefore, the gradient map GMy; indicates a luminance distribution having an equal luminance area
expanding from the center of the map in a ring shape. In this case, areas GMR; to GMR, have a similar luminance
distribution.

[0086] Letr, tor, denote the average luminance values of the GMR, to GMR, respectively. Let the following notation
represent the variance:

[0087]

[Math. 15]
r(1<j<4)

Then, the evaluation value G; can be expressed as the inverse number of the variance using the following equation (11) :
[0088]

where Favg represents the average value of up to ry to ry. As indicated by equation (11), G; increases as the values r4 to
r, are equalized among the areas GMR, to GMR,. In contrast, G; decreases as the values ry to r, more significantly
vary. When, as shown in Fig. 8, the irradiation angle 0! is isotropic with respect to the center of the depressed part
throughout the shape data S, the value increases. If it is estimated that the depressed part is not curved, the evaluation
value according to the present modification can be used.

(Modification 2)

[0089] According to a second modification, a second irradiation angle is computed so that the signal intensity becomes
the highest for an area in which the signal intensity is small in a first tomographic image. In this case, the shape of the
depressed part can be correctly identified by causing the display unit 103 to display a first tomographic image captured
using the first irradiation angle and a second tomographic image captured using the second irradiation angle. In addition,
the tomographic images may be combined using the configuration of a third embodiment described below. In such a
case, a tomographic image that represents a more correct shape can be obtained. More specifically, the gradient
evaluation value computed by the re-image capturing angle determination unit 305 in step S606 described above can
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be used as a high evaluation value when the highest amount of light is emitted to an area that has been subjected to
interpolation since the shape in the tomographic image captured using the first irradiation angle 6pgg has not been
correctly identified.

(Modification 3)

[0090] In addition, in the first embodiment, the irradiation angle of the signal light beam is computed so that the gradient
values of the surface shape of the optic papillais isotropic throughout the surface shape. However, a method for analyzing
the surface shape is not limited thereto. For example, the surface shape is analyzed using the following method, and
the irradiation angle 8,5 is computed. The method is described with reference to Fig. 7. The deepest position in the
depressed part is detected using the surface shape data S acquired by the shape analyzing unit 303 according to the
first embodiment. This position is denoted as a point "pp". An area corresponding to the optic papilla area 703 in a
projection reference surface T in the shape map is denoted as "703™, and a point corresponding to the point pp is
denoted as a "point Pp™". Then, an irradiation angle 8 at which the point Py’ is aligned with the median point of the area
703’ is obtained as ),5x. In this way, an irradiation angle at which the deepest point of the depression is set at the center
of the optic papilla area can be obtained. By using this method, the irradiation angle can be obtained through further
simplified image analysis.

[0091] While the first embodiment and the modifications of the first embodiment have been described with reference
to a method for identifying the shape of the depressed part from a tomographic image captured by an OCT imaging
apparatus, the present invention can be applied using a method other than the above-described method.

Second Embodiment

[0092] According to a second embodiment, a plurality of tomographic images are captured using different irradiation
angles in advance, and the tomographic images are analyzed. Thus, one of the tomographic images in which the tissue
of the depressed part is rendered best is selected and displayed.

[0093] More specifically, one of a plurality of tomographic images captured in the following manner is selected. A
plurality of tomographic images are captured using the signal light beams emitted at different angles. A three-dimensional
surface shape of the optic papilla is extracted from each of the tomographic images. Thereafter, the intensity of an image
signal in an interior region in the vicinity of the optic papilla is computed using the three-dimensional surface shape. The
intensity of an image signal is computed using a method that is the same as that of the first embodiment. The tomographic
image corresponding to the interior region having the highest image signal is selected and displayed. This is because
as the intensity of the signal light beam reaching the depressed part increases, the signal appearing in the image
increases. Accordingly, unlike the case in which an optimal angle is selected from among the possible irradiation angles
and an image is captured, if it is desirable that a tomographic image is captured using an irradiation angle at which the
tissue of the depressed part is roughly imaged, the processing time required for image analysis can be reduced by
reducing the number of imaging operations. Thus, the object can be achieved in a simplified manner.

[0094] Fig. 9 is a functional block diagram of an information processing apparatus 102 according to the present
embodiment. The functions the same as those of the first embodiment are denoted by the same reference numerals,
and the descriptions thereof are not repeated.

[0095] Animage-capturing instruction unit 901 presets a plurality of irradiation angles of the signal light beam emitted
to the depressed part of the retina. Thereafter, the image-capturing instruction unit 901 sends, to an image capturing
unit 101, conditions including the presetirradiation angles and instructs the image capturing unit 101 to capture animage.
[0096] From among the captured tomographic images, a selection unit 902 selects the tomographic image in which
the number of local areas in the depressed part having a signal intensity lower than or equal to a predetermined threshold
value is small. In this way, an image that most adequately represents the shape of the depressed part can be selected.
The selection unit 902 instructs the display unit 103 to display the selected image.

[0097] A particular processing procedure performed by an image-capturing support unit 130 according to the present
embodiment is described next with reference to Fig. 10.

<Step S1001>

[0098] Instep S1001, the image-capturing instruction unit 901 generates the instruction information 1. In addition, the
image-capturing instruction unit 901 sets the number of changes in an irradiation angle to N, sets irradiation angles '
to 6N, and stores the set irradiation angles. At that time, the irradiation angles 8 to 6N are set using the method employed
in step S602 in the first embodiment. Note that, in step S602, 81 to 6N are exhaustively set in the possible range. However,
in this case, the intervals of the angle may be set more coarsely. This is because, unlike the case of the first embodiment
in which an optimal irradiation angle is searched for, only a tomographic image in which the tissue of the depressed part
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is roughly imaged is required in this case. For example, for the angle component 6, of the angle 6, a division number
N, =4 (0, in the range from 0° to 360° is divided into four equal angles). In addition, for the angle component 6, of the
angle 6, a division number N, is set as follow:

[0099]

[Math. 17]

N, =2(0°<0, <0,,, 1sdivided into two equal angles)

The combinations for N = 8 is sequentially denoted as 8" to 68.
[0100] Subsequently, theimage-capturinginstruction unit 901 sends the instruction information 1 to the image capturing
unit 101.

<Step S1002>

[0101] In step S1002, the image-capturing instruction unit 301 defines a process number used when the irradiation
angle is changed as follows:
[0102]

[Math. 18]
i(1 i<N)

Thereafter, the image-capturing instruction unit 301 performs setting so that i = 1.
<Step S1003>

[0103] Instep S1003, the image-capturing instruction unit 301 converts the irradiation angle 6i to an imaging parameter
and defines the imaging parameter as instruction information 2. Thereafter, the image-capturing instruction unit 301
sends the instruction information 2 to the image capturing unit 101. A conversion method is the same as that employed
in step S407 shown in Fig. 4 and, therefore, the description thereof is not repeated.

<Step S1004>

[0104] In step S1004, the image capturing unit 101 captures a tomographic image using the instruction information 1
and the instruction information 2 received from the image-capturing instruction unit 301 as the imaging parameters. A
method for capturing a tomographic image is the same as that employed in step S402 and, therefore, the description
thereof is not repeated. At that time, image data of the tomographic image corresponding to the irradiation angle 6 used
for image capturing is defined as ;. The tomographic image acquiring unit 302 acquires the image data |; of the captured
image from the image capturing unit 101 and stores the image data |; in the storage unit 306.

<Step S1005>

[0105] In step S1005, the shape analyzing unit 303 acquires the image data [; stored in the storage unit 306 and
extracts the surface shape of the optic papilla from the image data |;. A method for extracting the surface shape is the
same as that employed in step S403 and, therefore, the description thereof is not repeated. At that time, the surface
shape data is defined as S;. Subsequently, the shape analyzing unit 303 sends the image data |, and the extracted shape
data S; to a luminance information analyzing unit 1305.

<Step S1006>
[0106] Instep S1006, a selection unit 702 analyzes the luminance information using the image data |; and the extracted

shape data S; acquired from the shape analyzing unit 303. Thus, the shape analyzing unit 303 computes the luminance
evaluation value V;. A method for computing the luminance evaluation value is the same as that employed in step S404
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and, therefore, the description thereof is not repeated.
[0107] Subsequently, the selection unit 702 stores the luminance evaluation value V; in the storage unit 306.

<Step S1007>

[0108] In step S1007, the selection unit 702 acquires the luminance evaluation value V; corresponding to the image
data |; stored in the storage unit 306. If the highest value V);sx of the evaluation value is not stored in the storage unit
306, the selection unit 702 performs setting so that Vy ax = V; and stores V5 in the storage unit 306. However, if the
highest value Vy px has already been stored in the storage unit 306, the selection unit 702 compares Vyax With V,. If
Vumax <V, the selection unit 702 updates V,ax S0 that Vyax = V; and stores V\,ax in the storage unit 306. In addition,
the selection unit 702 updates the process number nyax corresponding to the current V5 so that ny ax =i and updates
the image data I px so that Iyax = I;. Thereafter, the selection unit 702 stores ny ax and Iy ax in the storage unit 306.

<Step S1008>
[0109] In step S1008, the image-capturing instruction unit 901 increments the process number i by one.
<Step S1009>

[0110] In step S1009, the image-capturing instruction unit 901 compares the process number i with the number of
changes N. If i > N, the image-capturing instruction unit 901 acquires the image data Iy;5x from the storage unit 306 and
sends the image data I;5x to the display unit 103. Thereafter, the processing proceeds to step S1010. However, if i <
N, the processing proceeds to step S1003.

<Step S1010>

[0111] Instep S1010, the display unit 103 displays the image data |y,ox Selected by the selection unit 702 on a monitor
(not shown).

[0112] According to the above-described configuration, a plurality of tomographic images are captured using different
irradiation angles in advance, and one of the tomographic images in which the image signal of the surface tissue of the
optic papilla including the depressed part is maximized is selected and displayed. Accordingly, the number of image
capturing operations can be reduced and, therefore, too much time is not spent on capturing of images. Thus, a tomo-
graphic image representing the roughly imaged tissue of the depressed part can be obtained through simplified image
analysis.

Third Embodiment

[0113] According to the present embodiment, the optic papilla is separated into a plurality of partial areas. An irradiation
angle at which the intensity of the signal light beam emitted to the local area is maximized is set for each of the partial
areas. Thereafter, a tomographic image is captured using each of the irradiation angles. Subsequently, the captured
tomographic images are combined, and the combined image is displayed.

[0114] The function of an information processing apparatus 102 according to the third embodiment is described next
with reference to Fig. 11. An image-capturing instruction unit 1101 determines the irradiation angle for each of the local
areas as follows. That is, the irradiation angle for each of the local area is set to an angle of the signal light beam that
is the closest to a right angle relative to the inner wall of the depressed part in the partial area, that is, the maximum tilt
that is physically changeable and that is the closest to a direction perpendicular to the retina surface. This is because
as a tilt from the direction perpendicular to the retina surface increases, the irradiation angle relative to the inner wall of
the depressed part becomes closer to a right angle. However, in practice, the irradiation angle is limited by the size of
the pupil. Accordingly, for each of the partial areas of the optic papilla, a tomographic image that represents the tissue
best is acquired. By combining the plurality of acquired tomographic images, a tomographic image that represents all
of the tissues of the depressed part best can be obtained. More specifically, the signal light beam is made incident from
an extension part of the pupil.

[0115] A combining unit 1102 combines the plurality of acquired tomographic images. For each of the tomographic
images |4 to IN captured by the image capturing unit 101, the reference irradiation direction D, is associated with the
image data | of the tomographic image using a method that is the same as that in step S901 in the first embodiment.
Since the image data items I, to IN represent images captured by tilting the signal light beam at angles of 61 to 6N with
respect to the reference irradiation direction Do, positioning is performed by rotating the images by angles of 67 to 6N
so that the reference irradiation directions D, of the image data items are aligned. Thereafter, the pixel values of corre-
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sponding pixels of the image data items |, to IN after the positioning is performed are combined. Thus, combined image
data | is generated. According to a method for combining the pixel values of the present embodiment, an average of
the pixel values is defined as a new pixel value after the combining operation is performed. In addition, a combined
image is generated so that the z-axis is aligned with the direction D,. At that time, the pixels in the image data items |,
to IN that are not included in the range of the tomographic image after the combining operation is performed are not
combined. In this way, since the plurality of tomographic images to be combined are captured at different angles, a
combined image in which the area having a low intensity of the signal of one image is replaced with the area having a
high intensity of the signal of a different image can be obtained. However, a method for combining the tomographic
images is not limited thereto. For example, the reliability may be assigned to each of the pixels in accordance with the
magnitude of the luminance value of the pixel. The weighted average value obtained using the reliability as a coefficient
may be used as a new pixel value after the combining operation is performed. In such a case, the area having a low
signal intensity can be more accurately compensated for.

[0116] The procedure of processing performed by the information processing apparatus 102 according to the present
embodiment is described next with reference to a flowchart shown in Fig. 12. Note that since steps S1202, S1203,
S1204, S1205, and S1206 are similar to steps S1002, S1003, S1004, S1008, and S1009 of the second embodiment,
respectively, the descriptions thereof are not repeated.

<Step S1201>

[0117] In step S1201, the image-capturing instruction unit 1101 generates the instruction information 1. Thereafter,
the image-capturing instruction unit 1101 defines the number of changes in irradiation angle as N and sets changed
irradiation angles 8 to 6N. Thereafter, the image-capturing instruction unit 1101 stores these values. According to the
present embodiment, for irradiation angles 67 to 6N, 6, is divided into equal angles in the possible range. However, in
order to make the signal light beam incident from an extension part of the pupil, the value of 8, is fixed so that 6, = 6| ;.
The area 503 and the area 504 in which the intensity of the image signal is significantly low are represented.

[0118] In Fig. 13(a), tomographic images T4 to T,,, an inner limiting membrane 1301, a pigment layer of the retina
1302, and an optic papilla area 1303 are shown. In addition, a plane T’ parallel to the x-y plane, a projection area 1304
corresponding to the optic papilla area 1303 when the tomographic images T, to T,, are projected to the plane T’, and
partial areas DC, to DC, obtained by dividing the projection area 1304 into equal partial areas are shown. In this example,
the division number n = 4. According to the present embodiment, for each of the surfaces areas of the depressed part
that belong to the areas DC, to DC,, an irradiation angle at which the intensity of the signal light beam emitted to the
surface area is set. Fig. 13(b) illustrates the plane T’ shown in Fig. 13(a) viewed from the z-axis direction. In Fig. 13(b),
D, to D4 denote irradiation angles at which the intensities of the signal light beams emitted to the areas DC, to DC, in
the plane T’ are maximized, respectively. Since the irradiation angle of the signal light beam projected to the x-y plane
is expressed by the angle component 84, angles of 8, corresponding to D, to D, are expressed as 8, to 8,4 (an angle
obtained by dividing the range from 0° to 360° into four equal angles), respectively. In addition, as the signal light beam
emitted to the surface of the depressed part becomes closer to a direction perpendicular to the surface, the intensity of
the signal light beam emitted to the wall of the depressed part increases. Accordingly, since the tilt of the irradiation
angle of the signal light beam is determined by the angle component 8,, 6, is set to a constant value of the maximum
angle 8y, which is a maximum angle of physically possible angles relative to the surface of the retina. As described
above, by acquiring a tomographic image corresponding to each of the signal light beams emitted from a plurality of
points in the extension part of retina, a tomographic image in which the intensity of the signal light beam of each of the
areas of the depressed part is increased can be obtained.

[0119] Subsequently, the image-capturing instruction unit 1101 sends the acquired instruction information 1 to the
image capturing unit 101.

<Step S1207>

[0120] In step S1207, the combining unit 1102 acquires the image data items |, to IN of the tomographic images from
the storage unit 306 and generates a combined image. A method for combining the images is the same as that described
above. Thereafter, the combining unit 1102 sends image data I of the generated combined image to the display unit 103.

<Step S1208>

[0121] In step S1208, the display unit 103 displays the image data I acquired from a tomographic image combining
unit 1192.

[0122] According to the above-described configuration, the irradiation angle at which the intensity of the signal light
beam is maximized is determined for each of partial areas of the optic papilla. Thereafter, tomographic images are
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captured using these angles and are combined. In this way, a tomographic image in which the tissue of the depressed
part is uniformly excellently presented can be provided. In addition, as in the first and second embodiments, the need
for an image analyzing process required after a tomographic image is captured can be eliminated.

(Other Embodiment)

[0123] According to the first embodiment, if the luminance evaluation value V of a tomographic image captured first
is smaller than the threshold value, the irradiation angle 8,5 is obtained. Subsequently, atomographic image is captured
using this angle only once, and the tomographic image is presented without any modification. However, the number of
re-image capturing operations is not limited to one. For example, in Fig. 4, an arrow from step S402 to step S407 may
be added, and the processes in steps S402 to S407 may be repeated until the luminance evaluation value V obtained
in step S405 exceeds the threshold value. This is because the irradiation angle 6y,5x is optimized by the re-image
capturing angle determination unit 305 on the basis of the image data of the tomographic image captured at that time.
Therefore, the surface shape of an area of the depressed part in which the intensity of the image signal is low may not
be correctly extracted. In this case, since the irradiation angle 8,,5x has not been obtained using the correct surface
shape of the depressed part, the image of the depressed part may not be sufficiently captured. In contrast, the image
is captured again using the obtained irradiation angle 65x, and a tomographic image including the more correctly
captured image of the depressed part is obtained. Thereafter, the image is evaluated and analyzed. In this way, finally
displaying of a tomographic image captured using an irradiation angle at which the image of the depressed part is not
precisely captured can be prevented.

[0124] While the first to third embodiments have been described with reference to the example in which the present
invention is applied in order to correctly extract the shape of the depressed part of the optic papilla, applications of the
present invention are not limited thereto. For example, some of the features of the present invention described herein,
that is, the method for analyzing a shape and a method for computing the intensity of a signal, are applicable to extract
the shape of a boundary between layers. For example, the methods are applicable to extract a layer present in an area
under the blood vessels that was not previously possible to be imaged or a boundary surface.

[0125] In addition, an OCT imaging apparatus that captures an image in response to an instruction received from the
information apparatus according to the present invention is not limited to that described above. While the present em-
bodiment has been described with reference to a single beam OCT, a multi-beam OCT can be employed.

[0126] Furthermore, the present invention can also be achieved by supplying a program that realizes the functions of
the above-described embodiments to a system or an apparatus via a network or a variety of recording media and by
causing a computer (or a CPU) of the system or apparatus to read out and execute the program. In such a case, the
program supplied to the apparatus or the system or the recording medium storing the program constitutes the present
invention. Reference Signs List

[0127]

101 image capturing unit

102  information processing apparatus

118 CPU
119 RAM
120 ROM

301  image-capturing instruction unit

302 tomographic image acquiring unit
303  shape analyzing unit

304 re-image capturing determination unit

305 re-image capturing angle determination unit
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Claims

1.

10.

1.

An information processing apparatus comprising:

determination means for determining an irradiation angle of a signal light beam emitted to an object to be imaged
in accordance with at least part of a shape of the object to be imaged so that a returning light beam of the signal
light beam has a predetermined intensity; and

instruction means for sending an instruction to capture a tomographic image of the object to be imaged on the
basis of the returning light beam of the signal light beam emitted to the object to be imaged at the determined
irradiation angle.

The information processing apparatus according to Claim 1, wherein the determination means determines the
irradiation angle of the signal light beam so that an area in which the intensity of the signal light beam emitted to
the object to be imaged is lower than a reference value is decreased in accordance with the shape of the object to
be imaged.

The information processing apparatus according to Claim 1 or 2, further comprising:

acquiring means for acquiring the tomographic image of the object to be imaged captured on the basis of a
returning light beam of a signal light beam emitted to the object to be imaged at a predetermined angle;
wherein the determination means determines the shape of the object to be imaged on the basis of the acquired
tomographic image.

The information processing apparatus according to Claim 3, wherein if the predetermined angle is the same as the
determined angle, the instruction is not sent from the instruction means.

The information processing apparatus according to any one of Claims 3 to 4, further comprising:

determining means for determining whether the instruction is sent by the instruction means in accordance with,
in the acquired tomographic image, a size of one of an area in which the intensity of the returning light beam is
lower than a reference value, an area in which the shape of the object to be imaged was unable to be identified,
an area in which the shape of the object to be imaged is estimated through interpolation, and an area in which
a reliability of the shape is low.

The information processing apparatus according to any one of Claims 1 to 5, wherein the object to be imaged is a
boundary surface between layers of a retina, and wherein the determination means evaluates the intensity of the
signal light beam in accordance with an incident angle of the signal light beam onto each area of the boundary surface.

The information processing apparatus according to any one of Claims 1 to 6, wherein the object to be imaged is a
depressed part of a retina, and wherein the determination means determines the irradiation angle in accordance
with a tilt of the depressed part relative to the surface of the retina.

The information processing apparatus according to any one of Claims 1 to 7, wherein the instruction means sends
one of information indicating that image capturing is to be performed, an imaging condition used for an image
capturing unit, and an instruction to capture an image.

(Amended) An information processing apparatus comprising:
acquiring means for acquiring a plurality of tomographic images using returning light beams of a signal light
beam emitted to an object to be imaged at a plurality of different angles; and
acquiring means for acquiring at least one tomographic image from among the acquired tomographic images
in accordance with a size of an area of each of the acquired tomographic images in which an intensity of the

returning light beam is lower than a reference value.

The information processing apparatus according to Claim 9, wherein the selecting means evaluates the intensity of
the returning light beam on the basis of one of a luminance value and an S/N ratio of the tomographic image.

(Amended) An information processing apparatus comprising:
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acquiring means for acquiring a plurality of tomographic images each generated using a returning light beam
of a signal light beam emitted to an object to be imaged at a predetermined angle, the plurality of tomographic
images being acquired by changing the predetermined angle; and

combining means for combining the acquired tomographic images of the object to be imaged.

(Amended) The information processing apparatus according to any one of Claims 9 to 11, wherein the object to be
imaged is a retina, and wherein the signal light beam is irradiated on the retina at a plurality of different angles by
making the signal light beam incident on a plurality of positions in extension part of a pupil.

The information processing apparatus according to any one of Claims 1 to 12, wherein the tomographic image is
captured by an optical coherence tomographic imaging apparatus that separates a light beam into a signal light
beam and a reference light beam, leads the signal light beam to an object to be imaged, leads the reference light
beam to a reference mirror, and captures a tomographic image using a returning light beam of the signal light beam
reflected or scattered by the object to be imaged and the reference light beam reflected by the reference mirror.

An information processing apparatus comprising:

identifying means for identifying the shape of a depressed part of a retina of an eye to be examined;
determination means for determining an irradiation angle of a signal light beam emitted to the depressed part
so that a returning light beam of the signal light beam emitted to the depressed part on the basis of the identified
shape of the depressed part has a predetermined intensity; and

acquiring means for acquiring a tomographic image representing the depressed part by generating an interfer-
ence light beam on the basis of the returning light beam of the signal light beam emitted at the determined
irradiation angle.

(Amended) An information processing apparatus comprising:

acquiring means for acquiring a plurality of tomographic images using returning light beams of a signal light
beam emitted to a retina at a plurality of different angles; and

combining means for combining the acquired tomographic images;

wherein the signal light beam is irradiated to the retina at a plurality of different angles by making the signal
light beam incident on a plurality of positions in an extension part of a pupil.

(Amended) An information processing apparatus for separating a light beam emitted from a light source into a signal
light beam and a reference light beam, leading the signal light beam to an object to be imaged, leading the reference
light beam to a reference mirror, and combining tomographic images generated using an interference light beam of
a returning light beam of the signal light beam reflected or scattered by the object to be imaged and the reference
light beam reflected by the reference mirror, the information processing apparatus including combining means for
combining the tomographic images, the information processing apparatus comprising:

acquiring means for acquiring a plurality of tomographic images using returning light beams of a signal light
beam emitted to an object to be imaged at a plurality of different angles; and
combining means for combining the plurality of acquired tomographic images.

(Amended) A method for processing information, comprising the steps of:

determining an irradiation angle of a signal light beam emitted to an object to be imaged in accordance with a
shape of the object to be imaged so that a returning light beam of the signal light beam has a predetermined
intensity; and

sending an instruction to capture a tomographic image of the object to be imaged on the basis of the returning
light beam of the signal light beam emitted to the object to be imaged at the determined irradiation angle.

(Added) A program comprising:
program code for causing a computer to perform processes for determining an irradiation angle of a signal light
beam emitted to an object to be imaged in accordance with a shape of the object to be imaged so that a returning

light beam of the signal light beam has a predetermined intensity and sending an instruction to capture a
tomographic image of the object to be imaged on the basis of the returning light beam of the signal light beam
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emitted to the object to be imaged at the determined irradiation angle.
19. (Added) An imaging system comprising:

image pickup means for acquiring a tomographic image by capturing an image of an object to be imaged using
a returning light beam of a signal light beam emitted to the object to be imaged at a predetermined angle;
acquiring means for acquiring a tomographic image of the object to be imaged captured on the basis of a
returning light beam of a signal light beam emitted to the object to be imaged at a first irradiation angle;
analyzing means for analyzing a shape of the object to be imaged using the acquired tomographic image;
instruction means for instructing the image pickup means to capture an image of the object to be imaged by
emitting the signal light beam to the object to be imaged at a second irradiation angle different from the first
irradiation angle in accordance with a result of the analysis; and

display means for displaying the tomographic image captured by the image pickup means in response to the
instruction sent from the instruction means.
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